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(54) COMPRESSION IGNITION ENGINE AND CONTROL METHOD FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To extend combustion limit at the high- 
torque side by controlling an EGR amount and timing for opening and 
closing intake/exhaust valves so that combustion is performed in cool 
flame region which triggers compression ignition through estimating or 
detecting, before combustion starts, in-cylinder state (temperature and 
pressure) after compression inside an engine combustion chamber. 
SOLUTION: During engine operation, output signals such as engine 7 
speed, intake air pressure, water temperature, acceleration operation 
amount, intake air volume, fuel component and the like from respective I 
sensor are input in operation state detection means 101 of a control 
unit 5. Then pressure and temperature near the top dead center in a z 
compression stroke of the engine is estimated by an in-cylinder state 
detection means 103 based on at least one of the operation state 
detection signals and an air-fuel ratio set by an air-fuel ratio setting 
means 102. Then a control signal is input in in-cylinder state control 
means 104 so that the estimated result passes a cool flame region. 
Then an EGR amount is changed by EGR control means 105. an intake 
amount is changed by variable valve control means 106, and fuel 
injection volume is controlled by fuel injection control means 107. 
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♦ NOTICES * 

JPO and ZNPIT are not responsible for any 
damages caused by the use o£ this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The compression ignition engine which established the controlling mechanism which controls the clausilium timing of an 
inlet valve which inhales air into a cylinder in what lights the gaseous mixture in a cylinder by compression actuation of the piston 
which goes and comes back to the inside of a cylinder. 

[Claim 2] The control approach of the compression ignition engine which controls a compression ratio by compression actuation of the 
piston which goes and comes back to the inside of a cylinder, and controls ignition timing by it in what lights the gaseous mixture in a 
cylinder, 

[Claim 3] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve, It has the fuel injection 
valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the compression 
ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by said 
combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio. It has a state 
estimation means in a cylinder to presume whenever [ cylinder internal temperature ], or a pressure, and a state control means in a 
cylinder to control whenever [ cylinder internal temperature ], or a pressure. Said air-fuel ratio setting means sets up an air-fuel ratio 
among the detection results of said operational status detection means using at least one. The inside of the air-fuel ratio to which the 
detection result of said operational status detection means or said air-fuel ratio setting means set said state estimation means in a 
cylinder, Whenever [ near the compression top dead center of said engine / cylinder internal temperature ], or a pressure is presumed 
using at least one. said state control means in a cylinder be the control approach of the compression ignition type engine characterize 
by pass the cool flame field show when whenever [ near the compression top dead center of said engine / cylinder internal 
temperature ] , or a pressure express the ignition range of a fuel with the relation between temperature and a pressure based on the 
presumed result of said state estimation means in a cylinder . 

[Claim 4] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve, It has the fuel injection 
valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the compression 
ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by said 
combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio, It has a state 
estimation means in a cylinder to presume whenever [ cylinder internal temperature ], or a pressure, and a state control means in a 
cylinder to control whenever [ cylinder intemal temperature ], or a pressure. Said air-fuel ratio setting means sets up an air-fuel ratio 
among the detection results of said operational status detection means using at least one. The inside of the air-fuel ratio to which the 
detection result of said operational status detection means or said air-fuel ratio setting means set said state estimation means in a 
cylinder, Whenever [ near the compression top dead center of said engine / cylinder intemal temperature ], or a pressure is presumed 
using at least one. Said state control means in a cylinder controls the amount of EGR(s) for heating inhalation of air so that it may pass 
through the cool flame field shown when whenever [ near the compression top dead center of said engine / cylinder intemal 
temperature ] expresses the ignition range of a fuel with the relation between temperature and a pressure based on the presumed result 
of said state estimation means in a cylinder The control approach of the compression ignition type engine by which it is characterized. 
[Claim 5] The control approach of the compression ignition type engine characterized by using Exterior EGR as a state control means 
in a cylinder in claim 4. 

[Claim 6] The control approach of the compression ignition type engine characterized by using intemal EGR as a state control means 
in a cylinder in claim 4. 

[Claim 7] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve, It has the fuel injection 
valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the compression 
ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by said 
combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio. It has a state 
estimation means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state control means in a 
cylinder to control whenever [ cylinder intemal temperature ], or a pressure. Said air-fuel ratio setting means sets up an air-fuel ratio 
among the detection results of said operational status detection means using at least one. The inside of the air-fuel ratio to which the 
detection result of said operational status detection means or said air-fuel ratio setting means set said state estimation means in a 
cylinder. Whenever [ near the compression top dead center of said engine / cylinder intemal temperature ], or a pressure is presumed 
using at least one. an inhalation of air line inject 50% or less of fuel quantity of the total injection quantity to inside so that said state 
control means in a cylinder may pass through the cool flame field show when whenever [ near the compression top dead center of said 
engine / cylinder intemal temperature ], or a pressure express the ignition range of a fuel with the relation between temperature and a 
pressure based on the presumed result of said state estimation means in a cylinder. The control approach of the compression ignition 
type engine characterized by injecting the remaining fuel quantity in a compression stroke. 

[Claim 8] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve. It has the fuel injection 
valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the compression 
ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by said 
combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio. It has a state 
estimation means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state control means in a 
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cylinder to control whenever [ cylinder interna! temperature ], or a pressure. Said air-fuel ratio setting means sets up an air-fuel ratio 
among the detection results of said operational status detection means using at least one. The inside of the air-fuel ratio to which the 
detection result of said operational status detection means or said air-fuel ratio setting means set said state estimation means in a 
cylinder, Whenever [ near the compression top dead center of said engine / cylinder internal temperature ], or a pressure is presumed 
using at least one. While said state control means in a cylinder passes the cool flame field shown when whenever [ near the 
compression top dead center of said engine / cylinder intemal temperature ], or a pressure expresses the ignition range of a fuel with 
the relation between temperature and a pressure based on the presumed result of said state estimation means in a cylinder The control 
approach of the compression ignition type engine characterized by controlling the clausilium timing of an inlet valve so that ignition 
takes place near an engine top dead center. 

[Claim 9] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve. It has the fuel injection 
valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the compression 
ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by said 
combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio, The cool flame field 
which it has a state estimation means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state 
control means in a cylinder to control whenever [ cylinder intemal temperature ], or a pressure, and said operational status detection 
means judges the ignitionability of a fuel, and serves as a target based on the judgment result is changed, The control approach of the 
compression ignition type engine according to claim 1 by which it is characterized. 

[Claim 10] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve. It has the fuel 
injection valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the 
compression ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by 
said combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio, A state estimation 
means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state control means in a cylinder to 
control whenever [ cylinder intemal temperature ], or a pressure. It has the ignition means which carries out ignition energy supply. 
Said air-fuel ratio setting means The inside of the detection result of said operational status detection means, The inside of the air-fuel 
ratio to which the air-fuel ratio was set using at least one, and the detection result of said operational status detection means or said air- 
fuel ratio setting means set said state estimation means in a cylinder. Whenever [ near the compression top dead center of said engine / 
cylinder internal temperature ], or a pressure is presumed using at least one. While said state control means in a cylinder passes the 
cool flame field shown when whenever [ near the compression top dead center of said engine / cylinder intemal temperature ], or a 
pressure expresses the ignition range of a fuel with the relation between temperature and a pressure based on the presumed result of 
said state estimation means in a cylinder The control approach of the compression ignition type engine characterized by making it light 
using an ignition means in the time of a heavy load field or starting. 

[Claim 1 1] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve, It has the fuel 
injection valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the 
compression ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by 
said combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio, A state estimation 
means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state control means in a cylinder to 
control whenever [ cylinder intemal temperature ], or a pressure. It has the sensor which detects a reaction, the gaseous mixture before 
ignition — said air-fuel ratio setting means among the detection results of said operational status detection means The inside of the air- 
fuel ratio to which the air-fuel ratio was set using at least one, and the detection result of said operational status detection means or 
said air-fuel ratio setting means set said state estimation means in a cylinder, or said sensor output. Whenever [ near the compression 
top dead center of said engine / cylinder intemal temperature ], or a pressure is presumed using at least one. said state control means in 
a cylinder be the control approach of the compression ignition type engine characterize by pass the cool flame field show when 
whenever [ near the compression top dead center of said engine / cylinder intemal temperature ] , or a pressure express the ignition 
range of a fuel with the relation between temperature and a pressure based on the presumed result of said state estimation means in a 
cylinder . 

[Claim 12] claim 1 1 - setting ~ the gaseous mixture before ignition — the control approach of the compression ignition type engine 
characterized by using an ion current detection means to detect a reaction and to detect the ion current of a combustion chamber as a 
sensor. 

[Claim 13] claim 1 1 — setting — the gaseous mixture before ignition — the control approach of the compression ignition type engine 
characterized by using a pressure detection means to detect a reaction and to detect the pressure of a combustion chamber as a sensor. 
[Claim 14] A valve system including the inlet valve combined with an engine gas column, and an exhaust valve. It has the fuel 
injection valve which a nozzle faces the combustion chamber surrounded by the piston and cylinder wall of said engine. In the 
compression ignition type engine in which the gaseous mixture of the fuel injected from said fuel injection valve and the air inhaled by 
said combustion chamber is lit in the compression actuation by the reciprocating motion of said piston An operational status detection 
means to detect the operational status of said engine, and an air-fuel ratio setting means to set up an air-fuel ratio, It has a state 
estimation means in a cylinder to presume whenever [ cylinder intemal temperature ], or a pressure, and a state control means in a 
cylinder to control whenever [ cylinder intemal temperature ], or a pressure. Said air-fuel ratio setting means sets up an air-fuel ratio 
among the detection results of said operational status detection means using at least one. The inside of the air-fuel ratio to which the 
detection result of said operational status detection means or said air-fuel ratio setting means set said state estimation means in a 
cylinder, Whenever [ near the compression top dead center of said engine / cylinder intemal temperature ], or a pressure is presumed 
using at least one, and said state control means in a cylinder is near the compression top dead center of said engine based on the 
presumed result of said state estimation means in a cylinder. The control approach of the compression ignition type engine 
characterized by controlling the quantity of state in a cylinder of said engine so that a certain specific elementary process in the fuel 
supplied to said engine occurs. 

[Claim 1 5] The control approach of the compression ignition type engine characterized by a specific elementary process being a 
reaction by which an aldehyde (HCHO) or a peroxide is generated in claim 14, 

[Claim 16] It is the control approach of the compression ignition type engine characterized by having a means by which said car 
incorporates road traffic information from the outside of a vehicle in the car carrying the engine using the control approach according 
to claim 1 to 15, and setting up an engine air-fuel ratio using said road traffic information. 
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* NOTICES * 

JPO and XNPIT are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach which rationalizes the ignition stage at the time of the high 
torque to which especially fuel quantity increased about the control approach of a compression ignition type engine. 

[0002] 

[Description of the Prior Art] The conventional compression ignition engine avoids the cool flame field ****(ed) before thermal flame 
generating as indicated by JP,1 0-252541 ,A, and the thing which makes it light near a compression top dead center is known. 
[0003] 

[Prob!em(s) to be Solved by the Invention] However, the compression ratio is being fixed with this conventional technique. In a 
compression ignition engine, at the time of torque increase, a firing pressure becomes large quickly and there is a problem that 
knocking occurs (when there is much fuel quantity and an air-fuel ratio is small). This is for self-ignition's happening earlier than a 
suitable ignition stage, and carrying out flame propagation, using the point as charcoal. Thus, since it does not have a compulsive 
ignition means like jump spark ignition in the conventional compression ignition engine, the technical problem that the ignition timing 
at the time of high torque is uncontrollable occurs. 

[0004] The purpose of this invention is that it makes timing of compression ignition controllable. 

[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the condition in a cylinder after compression of an 
engine combustion chamber (temperature or pressure) is presumed or detected before a combustion phenomenon happens, and the 
amount of EGR(s) and pumping bulb closing motion timing are controlled by this invention to go into the cool flame field used as the 
trigger of a compression ignition phenomenon. A valve system including the inlet valve specifically combined with an engine gas 
column, and an exhaust valve. An operational status detection means to have the fuel injection valve which a nozzle faces the 
combustion chamber surrounded by an engine piston and an engine cylinder wall, and to detect engine operational status. An air- fuel 
ratio setting means to set up an air-fuel ratio, and a state estimation means in a cylinder to presume the temperature or the pressure in a 
cylinder. It has a state control means in a cylinder to control the temperature or the pressure in a cylinder, and the state control means 
in a cylinder is based on the presumed result of the state estimation means in a cylinder. Whenever [ near an engine compression top 
dead center / cylinder intemal temperature ], or a pressure It is attained by controlling to pass through the cool flame field shown when 
the ignition range of a fuel is expressed with the relation between temperature and a pressure. 
[0006] 

[Embodiment of the Invention] The example of this invention is explained based on a drawing. 

[0007] The engine shown in drawing 1 is equipped with a crank chain 23, and the combustion chamber 24 is formed of the piston 22 
and the engine head 25 which were connected with the crank chain 23. The combustion chamber 24 is sealed by the intake valve 12 
with which the engine head 25 is equipped, the exhaust air bulb 15, and the fuel injection valve 1 1 . An intake valve 12 and the exhaust 
air bulb 1 5 operate with the adjustable valve mechanisms 13 and 14. An engine inhales air required for combustion to a combustion 
chamber 24 by both-way actuation of a piston 22. The dust and contaminant by which the air inhaled by the engine is included in air 
with an air cleaner 8 are removed, and an inhalation air content is measured by the air content sensor 9. The control unit 5 which 
controls an engine detects engine operational status based on the signal from various kinds of sensors, and controls the adjustable 
valve mechanisms 13 and 14 with which the engine is equipped based on the detection result, the EGR valve 20, and a fuel injection 
valve 1 1 . The control input of the accelerator pedal 2 operated by the operator 1 of a car who carried the engine is changed into an 
electrical signal by the potentiometer 3, and is inputted into a control unit 5. 

[0008] The configuration of a control unit 5 is shown in drawing 2 . The signals (for example, an engine speed, a MAP, an intake-air 
temperature, water temperature, an accelerator control input, an inhalation air content, a fuel component, etc.) from various kinds of 
sensors are inputted into the operational status detection means 101 . As other input signals, there are a signal from sensors 26 and 27, a 
signal from the air-fuel ratio sensor 1 6 attached in the exhaust pipe, a signal from the temperature sensor 1 7 which detects the 
temperature of an exhaust air catalyst, etc. whenever [ crank angle / with which the crankshaft 23 was equipped, for example ]. The 
air-fuel ratio setting means 102 determines an air-fuel ratio among the signals of the operational status detection means 101 based on 
at least one. Moreover, the operational status detection means 101 determines the generating field of the cool flame beforehand 
memorized in the control unit based on the information from a fuel component sensor. The state estimation means 103 in a cylinder 
presumes the engine pressure and the temperature near a compression top dead center based on the air-fuel ratio set up with at least 
one and the air-fuel ratio setting means 102 among the signals of the operational status detection means 101. A control signal is 
outputted to the state control means 104 in a cylinder so that this presumed result may pass through a cool flame field. The inside of 
the state control means 104 in a cylinder consists of an EGR control means 105, an adjustable bulb control means 106, and a fuel- 
injection control means 107. The EGR control means 105 outputs a control signal to the EGR valve 20 in order to change the amount 
of EGR(s). The adjustable bulb control means 106 outputs a control signal to the adjustable valve mechanism 13 which operates an 
intake valve 12. The fuel-injection control means 107 outputs a control signal to a fuel injection valve I 1, and adjusts fuel ****** and 
fuel injection timing. 

[0009] The setting approach of the air-fuel ratio by the air-fuel ratio setting means 102 is shown in drawing 3 . The air-fuel ratio 
setting means 102 determines fuel oil consumption Qf using the information on the inhalation air content within the operational status 
detection means 1 01 , an engine speed, and a demand engine torque. The demand engine torque T is decided from an accelerator 
control input within the operational status detection means 1 01 . An air-fuel ratio is computed as a ratio of the inhalation air content Qa 
and fuel oil consumption Qf. 
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[0010] The cylinder internal pressure and the heat rate at the time of compression ignition combustion are shown in drawing 4 (A). 36 
is the wave which measured the pressure variation of an engine combustion chamber by the cylinder internal pressure sensor, and 37 is 
the heat rate searched for from the wave. The timing to which ignition takes place in a compression ignition engine since there is no 
forced ignition by the ignition plug is indefinite. Change has arisen in the pressure wave form near the round mark drawn on the line of 
36. If it sees by 37, since the heat rate will go up at the stage, it turns out that heat has occurred. We are calling this the cool fiame and 
subsequent larger heat release is called the thermal flame. It is indispensable that a cool flame arises [ compression ignition 
combustion ] to be carried out normally, and it shifts to the post heating flame reaction. This can be said to be that the cool flame 
reaction is carrying out the role of charcoal. Only a thermal flame is measured in the ignition combustion system by the ignition plug, 
without measuring a cool flame. That is, ignition by the ignition plug became charcoal and has triggered the thermal flame reaction. 
However, an air-fuel ratio is 80 to about 25, and if an air-fuel ratio becomes small from it (i.e., if fuel quantity increases), before a cool 
flame will occur, a thermal flame reaction will produce that such a cool flame occurs. This thermal flame reaction is a phenomenon 
near knocking instead of normal compression ignition combustion. The limitation by the side of the high torque of a compression 
ignition engine is restrained by this knocking phenomenon. This is because an ignition stage when fuel quantity increases is 
appropriately uncontrollable. The point of this invention is enabling it to control an ignition stage also at the time of such high torque. 
[001 1] Drawing 4 (B) shows the ignition limitation of compression ignition combustion with the relation between temperature and a 
pressure. The ignition limitation of gaseous mixture having become like 38, and not lighting on the left of 38, but lighting on the right- 
hand side is shown. A cool flame occurs in the field 43 neighborhood, this curve — fuel seeds and gaseous mixture — although it 
changes with concentration, it explains small [ that change width of face ] here. The gaseous mixture of the air- fuel ratio 40 fully 
mixed by the combustion chamber is inhaled, and the case where it is compressed is considered. At this time, the temperature and the 
pressure before compression initiation are 40a. By being compressed, a pressure and temperature rise like 40 and reach 40b aflter 
compression through the cool flame field 43. If it passes through the cool flame field 43, a cool flame as shown in drawing 8 will 
occur, and it continues at it, and a thermal flame reaction occurs. That is, in the case of with an air-fuel ratio of about 40 gaseous 
mixture, since it passes through a cool flame field, normal compression ignition combustion is performed. Next, the case where an air- 
fuel ratio is 15 is considered. When it is gaseous mixture with a small air-fuel ratio, since the ratio of specific beat becomes small, the 
temperature rise by compression becomes small. Consequently, the pressure under compression and temperature rise progress become 
like 39, and do not pass through the cool fiame field 43. As a result after compression, 39b is reached, and a thermal flame reaction is 
triggered, without passing through a cool fiame reaction. The heat rate at that time will become rapid like 46, and will be knocking. 
The reaching points of the temperature after compression and a pressure will differ because the air-fuel ratio of gaseous mixture is 
different, and a combustion gestalt will change it in the inside of a cool fiame field, or outside. The point of this invention is 
controlling to pass through a cool fiame field also in the time of high torque with a small air-fuel ratio. Since it is considered to be the 
cause that it will not pass through a cool fiame field that the ratio of specific beat becomes small and the temperature after 
compression becomes low when an air-fuel ratio is small, EGR is added and the initial temperature of gaseous mixture is raised to the 
point of 42a. The reaching point after the compression at this time can pass a cool flame field by 42b. Although the exterior EGR 
using the bypass path from an exhaust pipe to an inlet pipe as how to add EGR is sufficient, the intemal-EGR method which changes 
the overlap of a pumping bulb using an adjustable valve mechanism may be used, moreover, gaseous mixture ~ after going into a cool 
flame field depending on concentration, the period to a compression top dead center is long, and it is also considered that an ignition 
stage becomes quite a front from a top dead center. A compression ratio is reduced by delaying the clausilium stage of an intake valve, 
the pressure after compression is reduced like 44, and an ignition stage is controlled more near the top dead center. 
[001 2] The contents of control of this invention are shown in drawing 5 . The engine control unit 5 detects operational status, and sets 
up a target air-fuel ratio. Since the ignition limiting curve shown in drawing 4 (B) with the use fuel is decided, the condition in a target 
cylinder (temperature and pressure) can be set up. It presumes whether the condition in a target cylinder is reached in an intake-air 
temperature Tl , a current intake pressure Pa, and the current setting air- fuel ratio 47, or it goes into a cool fiame field using the state 
estimation model 48 in a cylinder. The formula of the state estimation model 48 in a cylinder is explained. 
[001 3] ( I ) type is used for presumption of cylinder internal pressure. 
[0014] 

P(theta) =Pa* {V1/V2 (theta)} -^n - (1) 

(2) types are used for presumption of whenever [ cylinder internal temperature ]. 

[0015] 

T(theta) =T1* {V1/V2 (theta)} (n-1) ~ (2) 

here — P (theta) — whenever [ crank angle ] — for the volume of combustion chamber in front of compression initiation, and V2 
(theta), the volume of combustion chamber at the time of theta and n of a POROTO rope characteristic and T (theta) is [ the cylinder 
internal pressure at the time of theta, and Pa / the cylinder internal pressure in front of compression initiation or the pressure of 
inhalation of air, and VI / whenever / crank angle / whenever / crank angle / Tl ] whenever [ in front of compression initiation / 
cylinder internal temperature ], or, an intake-air temperature whenever [ cylinder internal temperature / at the time of theta ]. There is 
no need of calculating an upper type (1) and count of (2) serially for every degree whenever [ crank angle ], and it should calculate 
only the range from 40 degrees to 0 times for example, in front of the compression top dead center in the change width of face of a 
target ignition stage. 

[0016] As shown in drawing 4 (B), when a setting air-fuel ratio does not go into a cool flame field small, means, such as EGR 
installation and compression ratio modification, are examined using an adjustable bulb. The error amount of the presumed result of the 
condition in a cylinder after compression and the cool flame field which is in the condition in a target cylinder is specifically 
calculated, and in order to correct it, the optimal control means and the optimal control input are calculated using the control means 
model 49. 

[001 7] The control approach of the condition in a cylinder by EGR is shown in drawing 6 . By changing the amount of EGR gas which 
passes the EGR valve 20, the ratio of the new air volume in inhalation air and the amount of EGR gas, i.e., an EGR rate, can be 
changed. If an EGR rate becomes high, since the comparatively hot amount of exhaust gas will increase in inspired gas, whenever 
[ suction-gas-temperature ] goes up, and whenever [ first cylinder intemal temperature / of compression ] goes up like 111. 
Consequently, whenever [ after compression / cylinder intemal temperature ] can change like 1 10, and can be carried out beyond the 
temperature which a cool fiame generates. 

[001 8] The control approach of the condition in a cylinder by the adjustable bulb is shown in drawing 7 . An inhalation air content 
changes like 1 16 by changing the clausilium timing of an inlet valve. Consequently, the cylinder intemal pressure after compression 
becomes like 1 15, and can be carried out more than the pressure which a cool fiame generates. Since a cool fiame generating field is 
mostly decided with a use fuel, the minimum temperature and the minimum pressure for the cool fiame shown in drawing 6 and 
drawing 7 to occur do not change a lot. Although it is the one point of this invention to control so that the condition in a cylinder after 
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compression passes through a cool flame field, in engine combustion, it lights near the compression top dead center, and buming is 
weight. In drawing 7 , when the clausilium timing of an inlet valve is set as 30-degreeABDC, as shown in 118, the pressure after 
compression becomes larger than the minimum pressure of a cool flame generating field. This is in the middle of compression, will go 
into a cool flame generating field, and will light and bum quite in this side from a top dead center. In order to make it light near the top 

dead center, as shown in 117, it is necessary to make small the difference of the pressure after compression, and the minimum pressure 
of a cool flame generating field, therefore the clausilium timing of an inlet valve is changed, and it controls to reduce the compression 
ratio of parenchyma. 

[0019] How to make drawing 8 pass through a cool flame field by fuel injection is shown. The premature ignition by the side of the 
high torque of a compression ignition engine (i.e., when an air-fuel ratio is small) is a technical problem, for example, if fuel quantity 
equivalent to an air-fuel ratio 15 is injected at a time in an inhalation-of-air process, in a cylinder, the temperature of gaseous mixture 
and the hysteresis of a pressure will become like 120, and will not pass through a cool fiame field. On the other hand, if the injection 
quantity in the inside of an inhalation-of-air process is carried out in addition to the one half of the total injection quantity and an air- 
fuel ratio is made or more into about 30, the temperature of gaseous mixture and the hysteresis of a pressure will become like 121 in a 
cylinder. This is for polytropic-index n in (1) type and (2) types to become large because the air-fuel ratio became large, and for 
temperature to increase. Therefore, by compressing as it is in the case of with an air-fuel ratio of about 30 to 40 gaseous mixture, it 
goes into a cool flame fleld like a dotted line 123, and ignition combustion is carried out. However, since the torque needed since there 
is little fuel quantity in this case cannot be taken out, the remaining fuel quantity is injected in the second half of a compression stroke. 
The timing which injects a fuel is the cool flame field this side near [ which is shown by 1 22 ] an asterisk. The condition of the 
combustion chamber at this time is typically shown in drawing 9 . 52 expresses the injection pulse signal the fuel which injected the 
inhalation-of-air line with the pulse width of Til to inside ~ gaseous mixture — 21a is formed and the air-fuel ratio of this gaseous 
mixture is about 30 or more. Fuel 21b is injected with the pulse width of TI2 in the second half of a compression stroke. Since it is 
desirable to light after fuel 21b is moderately spread in a combustion chamber, fuel injection timing of fuel 21b is decided in 
consideration of the diffusion time of the fuel spray etc, 

[0020] The control flow chart of this invention is shown in drawing 10 . When operated in compression ignition mode, ignition stage 
control is always performed. First, an operational status detection means calculates a demand engine torque from accelerator opening, 
the vehicle speed, a gear change gear location, etc. Furthermore an engine speed is read and a target air-fuel ratio is set up. The 
condition in a target cylinder according to a use fuel is determined. The condition in a target cylinder is a field of temperature and a 
pressure which produces a cool flame. The preliminary decision of the control means suitable for current operational status and its 
control input (clausilium timing of the amount of EGR(s) or an inlet valve) is carried out, MAP Pa and an intake-air temperature Tl 
are read, and the condition in a cylinder after the compression in a target air-fuel ratio is presumed. If a presumed result is compared 
with the condition in a target cylinder and the presumed result is contained in the condition in a target cylinder, i.e., a cool flame field, 
with block 53, a control signal will be outputted to the state control means in a cylinder. When the presumed result is separated from 
the condition in a target cylinder, the error amount is calculated with block 55, and the adjustable bulb control input and the amount of 
EGR(s) for correcting the error amount with block 54 are presumed with a control means model using the data beforehand dedicated in 
ROM of a control unit. The result is outputted to the state control means in a cylinder. 

[0021] The ignitionability of a fuel and the relation of a cool flame fleld are shown in drawing 1 1 . 50 expresses the ignition limiting 
curve of a use fuel, and 43 expresses the cool flame field. It changes with fuel components, when ignitionability is good, it moves to a 
side whenever [ low-temperature ] like 43b, and a cool flame fleld is moved to a high temperature side like 43a, when ignitionability is 
bad. Ignitionability can be adjusted by mixing for example, a gasoline/gas oil. Drawing 12 shows the mixing percentage of a 
gasoline/gas oil, and the relation of ignitionability. The gas oil currently used for the fuel of a diesel power plant has good 
ignitionability, and carries out autohesion fire in a high temperature ambient atmosphere. On the other hand, ignitionability of a 
gasoline is bad, and by the gasoline engine, using an ignition plug, it supplied ignition energy and is lit. Therefore, ignitionability is 
controllable by changing those mixing percentage like 125. How to refuel a fuel tank 130 by the ratio of a convention of gas oil and a 
gasoline, make composite fuel 131 in a fuel tank, and send to an engine with the fuel pump 132 in a tank, as shown in drawing 13 as 
the control approach of mixing percentage, and the approach of preparing separately fuel tank 130a for gasolines and fuel tank 130b 
for gas oil, as shown in drawing 14 , and mixing into a regular ratio with mixed equipment 133, and sending to an engine with a fuel 
pump 132 can consider. 

[0022] Another example of this invention is shown in drawing 15 . Although it omits since the basic configuration is the same as that 
of the example shown in drawing 1 , the places which have equipped the ignition plug 57 differ in this example. 
[0023] A operating range in this example is shown in drawing 16 . An axis of abscissa is an engine speed and an axis of ordinate is an 
engine torque. An ignition plug is used in the fields 58 and 60 shown with the slash. The field 60 expresses the time of starting, 
[0024] The control flow chart at the time of starting is shown in drawing 17 . If a key switch is turned on, reading of an engine speed, 
an intake-air temperature, and water temperature will be started first, an engine speed — this time — yet — Orpm it is . Then, a starter 
motor is turned on and cranking starts, a cranking rotational frequency — 200 - 300rpm it is . Furthermore fuel injection and ignition 
are started and it checks that engine rotation goes up with block 61 . The supply fuel quantity at the time of cranking is set up so that it 
can start smoothly, and an air-fuel ratio may become small somewhat from theoretical air fuel ratio. After engine rotation going up, a 
target air-fuel ratio is set up near the theoretical air fuel ratio so that it may become normal combustion. It checks whether the engine 
speed exceeded idle rpm with block 62, and water temperature has fully risen with block 63 further. When water temperature is low, a 
target air-fuel ratio is set up small, and calorific value is made to increase. After checking whether it is the intake-air temperature in 
which compression ignition is possible with block 64 finally, a target air-fuel ratio is set as the range in which compression ignition is 
possible, the opening of an adjustable bulb is changed, and an air content is made to increase. Ignition is stopped to this and 
coincidence. 

[0025] The timing diagram of the engine speed at the time of starting, fuel-injection pulse width, an ignition signal, and an air-fuel 
ratio is shown in drawing 18 . A key switch is turned on by time amount 0, and a starter motor is turned on by time amount Tl . It is 
turned with a starter and an engine is 200 - 300rpm. It rotates. Fuel injection and ignition are started at this time. At the time of 
cranking, more fuels are injected so that it may be easy to put an engine into operation. Therefore, an air-fuel ratio becomes smaller 
than theoretical air fuel ratio. If an engine speed goes up by time amount T2, fuel-injection pulse width is shortened, and some air-fuel 
ratios will be enlarged and will carry out normal combustion. Water temperature rises by generation of heat from an engine before 
time-of-day T3. After water temperature rises, fuel-injection pulse width is made still smaller, and an air-fuel ratio is set as theoretical 
air fuel ratio. Then, it checks whether it is the intake-air temperature in which compression ignition is possible, and if compression 
ignition is possible, ignition will be stopped by time-of-day T four. Since the opening of an adjustable bulb is changed into 
coincidence at this time, an air content increases and an air-fuel ratio becomes large. If it goes into the compression ignition field 59 
shown in drawing 16 , ignition stage control shown in drawing 10 will be performed succeedingly. Although an air-fuel ratio changes 
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to 80-25 according to a demand engine torque in the compression ignition field 59, the Nox discharge from an engine is several 10 
ppm. It is a low value. When a demand engine torque is still larger, it shifts to a field 58. In a field 58, the jump-spark- ignition type 
which lights with an ignition plug is burned, and a setting air-fuel ratio is theoretical air fuel ratio so that a three-way catalyst can be 
used. Therefore, also in this field, the Nox discharge from the exhaust pipe of a car serves as a low value. 

[0026] The flows of control at the time of the change of the compression ignition field 59 and the ignition assistant field 58 are shown 
in drawing 19 . The demand engine torque is calculated from accelerator opening, the vehicle speed, and a gear change gear location in 
the compression ignition field 59. Furthermore, the target air-fuel ratio is set up from the map with an engine speed. If the target air- 
fuel ratio becomes 25 or less, it will shift to the ignition assistant field 59. An air-fuel ratio 25 is a marginal air-fuel ratio which can 
perform low NOx combustion by the compression ignition method. In case it shifts to an ignition assistant field, the target ignition 
timing according to operational status is set up first, and ignition is started, this time — an air-fuel ratio ~ yet — about 25 ~ it is ~ 
homogeneity — since it is larger than the ignition marginal air-fuel ratio of gaseous mixture, ignition combustion by compression is 
performed in an ignition plug, without lighting. Next, an air content is extracted by the adjustable bulb as an air-fuel ratio turns into 
theoretical air fuel ratio, and ignition combustion is started. Block 71 also adjusts ignition timing to coincidence. When it checks 
whether it is a demand engine torque with block 70 and the actual engine torque differs from the demand engine torque after shifting 
to an ignition assistant field, an air-fuel ratio adjusts an air content and changes torque so that it may not change. 
[0027] The timing diagram at the time of a operating-range change is shown in drawing 20 . In a compression ignition field, an air-fuel 
ratio changes to about 80-25 according to an engine torque. Naturally the ignition signal is turned off 72 expresses a target air-fuel 
ratio and 73 expresses the real air-fuel ratio. Moreover, 75 expresses the engine torque with actual 76 for the target engine torque. If a 
target air-fuel ratio becomes smaller than 25 at time of day Tl , fuel oil consumption will be controlled so that an air-fuel ratio is set to 
about 25, and ignition will be started to coincidence. An adjustable bulb control input is changed at time of day T2, and an air-fuel 
ratio is controlled to become theoretical air fuel ratio. Since fuel oil consumption is not changing at this time, an engine torque changes 
smoothly. After this, an adjustable bulb control input is changed so that theoretical air fuel ratio may not be changed, and the engine 
torque is brought close to desired value. This change control is 1 OOmsec(s). Since it completes less than, there is no sense of 
incongruity in a degree of comfort. 

[0028] Another example of this invention is shown in drawing 21 . Although the engine configuration is the same as that of what was 
shown in drawing 15 , the thing at the time of being equipped with the sensor which can detect the combustion reaction in an engine 
combustion chamber is considered. Drawing 21 shows the configuration of the control unit 5 in this case. The feedback signal 108 is 
added to the configuration shown in drawing 2 . The result of having detected the combustion reaction etc. can be used for this 

feedback signal. 

[0029] The configuration at the time of using for drawing 22 the ion current sensor which detects the ion current generated in an 
ignition plug 57 at a combustion chamber as a combustion reaction sensor is shown. In the operating range shown in drawing 16 , 
although an ignition plug is used in fields 58 and 60 as equipment which supplies ignition energy, the ignition plug is not used in the 
compression ignition field 59. So, in this field, it is the purpose to use as equipment which detects the ignition stage at the time of 
compression ignition. In an ignition assistant field, an ignition coil 77 amplifies the ignition signal from the engine control unit 5, 
raises an electrical potential difference, and supplies ignition energy to an ignition plug 57. In a compression ignition field, the high 
voltage is supplied from an ignition coil and it is used as ion current detection equipment. If combustion takes place by the combustion 
chamber, the radical resulting from the intermediate product of combustion will occur, and a current flows between the ignition plugs 
which have carried out the seal of approval of the high voltage. This is the ion current, and the current value is sent and processed by 
the detector 78. 

[0030] The detection result of the ion current is shown in drawing 23 . 36 is a cylinder intemal pressure wave and 37 is a heat rate. 81 
is an ion current wave and it has become a wave corresponding to a heat rate 37 mostly. Thereby, it is detectable, the generating stage, 
i.e., the ignition stage, of a thermal flame. When a flame failure is furthermore carried out, since the ion current does not flow, it can 
be applied also to flame-failure detection. 

[003 1] The flow chart of ignition stage feedback control is shown in drawing 24 . When comparing the ignition stage by ion current 
detection with the target ignition stage according to operational status and having shifted with block 82, the error amount is calculated 
with block 83, it determines that an adjustable bulb control input and the amount of EGR(s) will become a proper value, and the 
control signal is outputted and performed. And feedback control is repeated. 

[0032] Although the above-mentioned example showed the example of an ion current sensor as a means to detect the reaction of a 
combustion chamber, the pressure sensor which detects the combustion photosensor which detects a combustion flame as a means to 
detect a reaction, and cylinder intemal pressure may be used. 

[0033] The reaction path of ignition combustion is explained to drawing 25 . This example has explained the ignition combustion by 
the (A) ignition plug, and the ignition combustion by (B) compression. In (A), ignition energy is supplied to the gaseous mixture (the 
fuel and air which were evaporated) of the circumference of an ignition plug from an ignition plug, a pyrolysis is carried out first, and 
an olefin and an alkyl radical are generated. An olefin and an alkyl radical are 02 of a perimeter. It oxidizes reacting with a molecule 
and is CO and H2. It generates and combustion takes place with the gestalt of a thermal flame as oxidation reaction rapid after that. On 
the other hand, at (B), further, by the temperature rise according [ a fuel ] to compression, heat transfer from an engine, and the heat 
exchange by mixing with EGR gas, the temperature of gaseous mixture (a fuel and air) rises and oxidation reaction advances at low 
temperature comparatively from the generation reaction of an olefin and an alkyl radical. An aldehyde is generated at this time, and it 
becomes a cool flame and appears. Like heat conductive *♦♦* 37 shown in drawing 4 (A), a cool flame reaction is exothermic reaction 
and the temperature of a reaction place rises locally. It is CO and H2 by this temperature rise. It is generated, and shifts to that post 
heating flame reaction, and they are CO and H20. It is generated and combustion is completed. When a cool flame reaction arises, it is 
not the speciflc location of a combustion chamber, and since it is not necessarily one, a cool flame reaction advances in two or more 
locations. Therefore, by the cool flame reaction, many reaction places which carried out the temperature rise will exist, and ignition 
combustion will take place by the multipoint. If it sees in the engine whole combustion chamber, since the distance which the 
combustion flame produced from one reaction place spreads will turn into a very short distance to a neighboring reaction place, 
combustion will be completed for a short time. 

[0034] The engine control approach of having used the road traffic information from the outside of a vehicle for drawing 26 as another 
example of this invention is shown. The vehicle information and communication system which provides a car with delay information, 
empty parking lot information, etc. by construction, regulation, etc. on a road is being established, and flattery transit of the unattended 
operation in a highway or a front transit vehicle is assumed as one of them. On the highway 201 shown in drawing 26 , although it is 
necessary to fully take the distance between two cars, from a viewpoint of a deployment of road environment, to shorten the distance 
between two cars and to make [ many ] the number of transit is desired by the insurance top. Therefore, a receiver 98 receives the 
information, especially delay information ahead of the highway 201 it is running from the road traffic information offer facility 200 
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installed around highway 201 , and the distance-between-two-cars information on a front transit vehicle, and the inside of a control unit 
5 controls an engine 99 using the information. 

[0035] Drawing 27 shows the configuration of the control unit 5 in this case. A feedback signal 108 is made into the signal 109 from 
the outside of a vehicle in the configuration shown in drawing 21 . As a signal 109 from the outside of this vehicle, it is mainly delay 
information and the distance-between-two-cars information on a front transit vehicle, and is used for calculation of the demand engine 
torque at the time of unattended operation within the operational status detection means 101 . Since an operator does not operate an 
accelerator pedal at the time of unattended operation, a demand engine torque is uncomputable from an accelerator pedal control input. 
When there is no sign that a front road is vacant and congested, a demand engine torque is controlled to maintain or increase the 
present vehicle speed. On the other hand, when the information that the distance between two cars with the preceding car became short 
because of delay of a front road is received from the road traffic information offer facility 200, a demand engine torque is made small 
so that the vehicle speed may be reduced. Thus, the air-fuel ratio setting means 102 sets up an air-fuel ratio using the computed 
demand engine torque. Therefore, an air-fuel ratio is set up, a control input, the fuel-injection approach, etc. of the amount of EGR(s) 
or an adjustable bulb are adjusted, and the engine condition in a cylinder is controlled by road traffic information inputted into the 
operational status detection means 101 at the time of unattended operation. 

[0036] The configuration of the engine in this invention is shown in drawing 28 . Drawing 28 is the sectional view of the injection 
engine in a cylinder, and (A) is the side injection type engine with which the fuel injection valve 1 1 was attached in the side of a 
combustion chamber 24. (B) is the sensor injection type engine with which the fuel injection valve 1 1 was attached in the center of a 
combustion chamber 24. In this invention, it is applicable to both of the engines of a method. Moreover, although the top-face 
configuration of a piston 22 has a desirable flat mold, there may be a cavity and a bulb recess. 

[0037] The adjustable valve mechanism used for drawing 29 and drawing 30 by this invention is shown. Since actuation of an intake 
valve and an exhaust air bulb is the same, an intake valve is made into an example and it explains it. Drawing 29 is a phase type 
adjustable valve mechanism, is changing the phase angle phi of the cam sprocket 28 currently fixed to the cam shaft which moves an 
intake valve 12 up and down, and controls valve opening of an intake valve 12, and a clausilium stage. 1 3a is a valve-lift calfskin 
when operating to the usual timing, and 13b and 13c are the valve-lift curves when making the closing motion stage of a bulb late. 
Even if bulb valve-opening timing becomes late, there is little effect on an inhalation air content, but since blow return of the once 
inhaled air will occur if bulb clausilium timing becomes late, an inhalation air content decreases. A compression ratio is controllable 
using this phenomenon. 

[0038] the needle 133 which drawing 30 is an electromagnetic adjustable valve mechanism, and was fixed to the intake valve 12, and 
electromagnetism — it consists of coils 131,132. electromagnetism ~ if a current fiows in a coil 131, electromagnetic force will occur, 
a needle 133 is attracted, and an intake valve opens, conversely, electromagnetism - if a current is passed in a coil 132, an intake 
valve will close the valve. The lift curve becomes like drawing 30 (B) because the description of an electromagnetic adjustable bulb 
has short valve opening and clausilium time amount. Moreover, there is the description that valve-opening timing and clausilium 
timing are independently controllable. A compression ratio is controllable by changing clausilium timing also in this case. 
[0039] An air fiow used for drawing 31 by this invention is shown. Drawing 3 1 (A) is the perspective drawing from the engine suction 
port 30 to a combustion chamber 24. (A) is a situation when keeping one of an intake valve 12 closed and inhaling air only from 
inhalation-of-air path of one of the two, and the swirl air fiow 31 horizontal in a combustion chamber 24 is generated. (B) is a situation 
when opening both of the intake valves 12, and the vertical tumble air flow 32 is generated in a combustion chamber 24. The thing 
which is homogeneity in the compression ignition engine of this invention and for which gaseous mixture is made beforehand is 
important, and it is important to use such an air flow, and to fully agitate and mix a fuel with air. However, since it is also important at 
the time of combustion to make it light by the multipoint and not to carry out flame propagation, after compression, it is important that 
an air fiow decreases and it is weak. Generally, the circular movement remains and the compression stroke anaphase of a swirl air flow 
when the piston went up is not desirable to a compression ignition engine, either. Since the tooth space of a TARUBURU air flow in 
which it circles perpendicularly is lost at a compression stroke anaphase and a revolution eddy collapses, an air flow becomes weak. 
Therefore, it is desirable to use a tumble air fiow for a compression ignition engine. 

[0040] The example of the generation method of a tumble air flow is shown in drawing 32 and drawing 33 . Drawing 32 is the 
example which established the subinhalation-of-air path 33 in the suction port 30. By closing the fiow dividing valve 34 installed in 
the suction port 30, air passes along the subinhalation-of-air path 33, and is inhaled in a combustion chamber 24. Since the inflow rate 
at this time is quicker than the time of passing along a suction port 30, the air fiow 32 with directivity is generated and it comes to 
circle in a combustion chamber 24. Moreover, the strength of a tumble air flow is controllable by changing the opening of a fiow 
dividing valve 34. That is, the rate of flow is changed by adjusting the air content which fiows the subinhalation-of-air path 33 and a 
suction port 30, 

[0041] Drawing 33 is the example which installed the valve 34 (following and TARUBURUKONTO roll bulb (TCV)) with notching 
in the suction port 30. By closing TCV34, air passes along the notching section of TCV34, and is inhaled in a combustion chamber 24. 
Since air mainly passes along the intake valve 12 bottom at this time, the tumble air flow 32 is generated. Moreover, the strength of a 
tumble air flow is controllable by changing the opening of TCV34. When the configuration of a suction port 30 has furthermore been 
independent, TCV34 is installed in suction-port each which became independent as shown in (B). 
[0042] 

[Effect of the Invention] Ignition timing is controlled by the compression ignition type engine of this invention so that ignition is 
performed proper at the time of high torque by presuming the condition in a cylinder after compression using the quantity of state in a 
cylinder before combustion. The closing motion timing and the amount of EGR(s) of an adjustable bulb are controlled to be in a 
condition in a cylinder which the cool flame from which the condition in a cylinder after compression (temperature or pressure) 
specifically serves as a trigger of a compression ignition phenomenon generates. Thereby, the limit of inflammability by the side of the 
high torque of a compression ignition engine can be developed sharply. 
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3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The system chart of the injection engine in a compression ignition type cylinder which adopted this invention. 
[Drawing 2] The block diagram of the control unit in this invention. 
[Drawing 3] The explanatory view of the air-fuel ratio setting approach. 

[Drawing 4] Drawing showing the typical cylinder intemal pressure wave of a compression ignition type engine, a heat rate wave and 

the condition in a cylinder, and an ignition limitation. 

[Drawing 5] Drawing showing the control approach of this invention. 

[Drawing 6] Drawing showing the relation of whenever [ after an EGR rate and compression / cylinder intemal temperature ], 
[Drawing 7] Drawing showing the relation of the cylinder intemal pressure after inhalation-of-air valve-closing valve timing and 

compression. 

[Drawing 8] Drawing showing whenever [ cylinder intemal temperature / at the time of 2 times injection ], and pressure hysteresis. 
[Drawing 9] Drawing showing the combustion chamber and the mixed gaseous state voice at the time of 2 times injection. 
[Drawing 10] The flow chart Fig. of ignition stage control of this invention. 

[Drawing 1 1] Drawing showing the relation between fuel ignitionability and a cool flame generating field. 
[Drawing 12] a fuel ~ drawing showing a mixing ratio and the relation of ignitionability. 
[Drawing 13] The block diagram of a fuel tank. 

[Drawin g 14] The block diagram of the fuel tank equipped with fuel mixing equipment. 

[Drawing 15] The engine system chart of the 2nd example of this invention. 

[Drawing 16] Drawing showing a operating range in the 2nd example. 

[Drawing 17] The flow chart Fig. of the starting control in the 2nd example. 

[Drawing 18] The timing diagram Fig. at the time of applying starting control. 

[Drawing 19] The flow chart Fig. of the operating-range change control in the 2nd example. 

[Drawing 20] The timing diagram Fig. at the time of applying operating-range change control. 

[Drawing 2 1 ] The block diagram of the control unit in the 3rd example of this invention. 

[Drawing 22] The engine system chart of the 3rd example of this invention. 

[Drawing 23] The typical cylinder intemal pressure wave, a heat rate wave and an ion current wave of a compression ignition type 
engine. 

[Drawing 24] The flow chart Fig. of the ignition stage feedback control in the 3rd example. 

[Drawing 25] Drawing explaining the reaction path of ignition combustion. 

[Drawing 26] Drawing showing the 4th example of this invention. 

[Drawing 27] The block diagram of the control unit in the 4th example of this invention. 

[Drawing 28] Drawing showing the injection valve location of the injection engine in a cylinder, 

[Drawing 29] Drawing showing the configuration and actuation of a phase contrast type adjustable valve mechanism. 

[Drawing 30] Drawing showing the configuration and actuation of an electromagnetic adjustable valve mechanism. 

[Drawin g 31] The mimetic diagram of an air flow in a cylinder. 

[Drawing 32] The block diagram of the subinhalation-of-air path which generates a tumble air flow. 
[Drawing 33] The block diagram of TCV which generates a tumble air flow. 
[Description of Notations] 

5 — An engine control unit, 1 1 — A fuel injection valve, 12 — Intake valve, 13 14 — An adjustable valve mechanism, 15 ~ An exhaust 
air bulb, 1 9 - EGR path, 20 [ - Engine head, ] - An EGR control valve, 22 - A piston, 24 - A combustion chamber, 25 26 27 ~ It is 
a sensor and 3 1 whenever [ crank angle ]. — A swirl air flow, 32 ~ Tumble air flow, 33 [ — Ignition coil, ] ~ A subinhalation-of-air 
path, 34 - TCV, 57 - An ignition plug, 77 78 ~ An ion current detector, 79 ~ An adjustable bulb driving gear, 98 - Road traffic 
information receiver, 99 [ ~ Air-fuel ratio setting means, ] ~ An engine, 100 — A car, 101 — An operational status detection means, 
102 103 [ ~ An adjustable bulb control means, 107 / ~ A fuel-injection control means, 130 / — A fuel tank, 132 / ~ A fuel pump, 133 / 
" Fuel mixing equipment, 200 / — A road traffic information offer facility, 201 / ~ Road. ] ~ The state estimation means in a cylinder, 
104 ~ The state control means in a cylinder, 105 ~ An EGR control means, 106 



[Translation done.] 



http://www4.ipdl . inpit.go.jp/cgi -bin/tran_web_cgi_ejj e 8/29/2007 



JP,200 1-020765, A [DRAWINGS] 



Page 1 of 14 



• NOTICES * 

•TPO and INPIT are not responsible £or any 
deunages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing I] 
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j$jt!S2 o 1 «flfr*<^W«, #Jii!^}?irf»«-^flti:i^ifetT* 

t tO^KEEBftltSSrSmffi 9 8 TSft L, =• >- h a -/P 
^= 5' h 5rtli^<om«Srffil>T:ti^i;;?>-9 9 SrSiJiNli- 
30 -So 

[0 0 3 5] |g|2 7lir.«)4i-^«5 = >' hn— h 

5Wfl?fiK^.T^Lfct><DT&5o 13 2 Hc^LfcfllfiS:lc:*3 
('■'T, 7^- hVy^'m-^l 0 8 0 
gtLfcfcOTfoSo rO*^1-*^t>(0ft-§-l 0 9 i: LT 

te^^tli«ll±J#S 1 0 1 rtTgiftSte^co^^^^v^ ^ 

40 :f3(Dm.nt^&^x\^x^m-t^m.uf)m\-^m^\:i\^. m 

*BBIE«l;4S^ < o t V ^ 5 ffif« S:ilBS3!!iiffir«tl*i5l 

^l200A>ejSftLfcm-g-|rii, *i$$r<l5:TS-fr'5 J; 9 

■ftm^^>'J> H/i'^S:fflv^T3S«SJtK:3£#ia:l 0 2 hi; 
fi1^tt5¥^l 0 1 »iA;^$n.5iI?S3SiHtf8iCJ:oTS 
50 >fiW:fyffi/i:4fAS8Slfi$n. :3^>-v?:^<7?«rt^^fl|a$«iJW$ 



( 9 

15 

[0036] El 2 8 J3*«?fl|ri3tt53^>'i^V<OffifigSr 
hixtt-^^ K'filt^:tvi:;>T'fo5„ (B) liMSilsfPtW 

t;it>iafflnlt6-cfc5» Sfc. h>2 2WlIffifl^*^li 

fooT<>fllip/it\ 10 
[0 0 3 7] EI2 9, Els 0(;i;*:^BJ-C-ffi*3iT5 pr^/< 

fj:<o-(^^^y<j\'-:/^m\^\^XVim-t^o E12 9{i{a:^B^ 
pI^y^ywyi««T. 2Sr±T»$-fr5*A 

« SrS-fb^-frSr: ir-e, Bi^/Vu^ 1 2 
^««r$ijfi9-r 13a liil^o^w- 5 ^i/T-tbf^bfc 
^W/^/wy y 7 K* — 7-e*3*) . 13 b, 13clix</u 

[00 38] EI 3 O liafiS^'57^/^/u>'«6fl|-e, K^^< 
/uyi 2trS:fe$nfc^tb^l 3 SirSKa-f/H 3 

1, 1 3 2-effi^$n-Ci>-5„ m^3^/n 3 KrSsE 
;JsaEix5irfl;a;^;ji5^^L.. nltb^ l 3 3 
®^/<yi'7'*5|l8#-r^o jJ*»cmB = '1'-'H 3 2{cm»fESr 

3 0 (B) (73J; ^fcSB#^-r 5 

[ 0 0 3 9 J EI 3 1 \z:^^m-(^^m-r^m^mm^^ 

-r. EI3 1 (A) li^>'>'>'CO®^;K— h 3 OA^f>j^Jg| 
S2 4*-C(?5S«BIt?*>5o (A) l*®^/</uy 1 2W 

-^^^^5ft^&3 1 (B) {l®^-'</uyi 

V7'/'U^'^»ftt&3 2;45^^$n5o *^HJco 
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I0040J EI32. EI33»r^ i^y/l'^^flttJlOj^fiS; 
*j*<7301J«r^-r„ El 3 2 liKfv^- h 3 0 icSiJK^CiiK 

3 3Srl2:»tfcfi»J-efc5„ K^ItK- N 3 Ojr^BL/c5>at 
#3 4^S:KC•5r^;^;IJ;^)S«llili®f^ilK3 3Srjl 

9. *»«!^2 4rt<rKA$n5o r (O^WoKAiSilEIlK 
^7K-h3 0SriSofc^J;»?ji<<i:oTV^5«0-e, itl6l 
t4<Ofc5^^aE»j3 2J)5^^$JX, *S$jg|^2 4l*9-ejglHl 

#3 4roM«S:a5^5r i:-t?$!l»-e#-5o i-JS*?*,. |il 
®^illS 3 3 toAn^— S 3 0 ?SrgIEJx5aS^fiSr3BSE-r 

^) :i t T-i>ft j$ Sr $ l^rT V N 5 , 

[004 1] El 3 3li®-gl5K— h 3 OF*9»-^!9^(:#W*> 
5#3 4 (SJiT. hn— yu/<yp>^ (TC 

V) ) ?Srg9:Bbfc0d-e*>.5. TCV 3 4 SrBBC5iCi:»c 

[^»c®A5n-5, ::<^^. S^liitcK^y^yUT'l 2C0 
±(»l*ii5<0-C. ^^'T'/V'^MflElbS 2*S^fiS:$:iX-5, 
TCV3 4WM*Sr^x.-5r i-e^J'^'y/P^ttSfE 

0(^?^^^;J53fi3ibTV^.5»-&l4. (B) IC^-f-J; 5 ti34 
ScLfcK^sK- Molo(rTCV3 4Srl9:e-r5. 
[0 0 4 21 

5 >'^<-^EGRa:-S:*J»LTV>«., r 
lElSroffi^J^ClftB^] 

[ia 1 1 *^MSr«ffl Lftm^^x^'mp%mkt=^>'j> 

[El 21 ^^BJjCiSltSaV hn-/W3-::is, KOffifJ* 
El. 

[El 31 ^*SSlfcf83£*&<^ittMBI, 

IE14] ]Eifig«;Ac^:t:^i?^^(^ft*6<)/iigIf*9]E;f3jffiJ^i: 

IE15 1 *|gBJ<^$iW::fy&S:^-t-EIo 

[El 61 EGR*tJE3ieS^ro18rrt?a«<DM«Sr55:i-|g„ 

[El 71 ojsi^^m^^-f i>i^tzt^^<om\^mt)<r>^ 

^SSr^i-Elo 

[El 8] 2lH]PtM^Wigjrtia«tlEE;^®MSr*i-Elo 

[El 9 1 2 mismm<ommmf>^ t m^^^i&^n^^m. 
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I El 1 1 1 mnm-xi±tt^0i?&^mm<o^mi:^-rmo 
[Ell 21 mnm-^ii:tm:k^<D^mi:^-rm. 
mi 3] ^^!|s^^?^^?(D«fi£(ao 
[Ell 4] mm&^mmi:m^it)^')i^^:^i^<Dm^mo 

[Ell 51 J|c«WW|g2llSfi«^<^3i>v?:^v'^7'AEI„ 
[Ell 61 ^2|l«ECaj{r*j»t5jlf|£|«*gtS:^-rEl, 
(Ell 71 m2mmm\cisif^itbmum(Dyu-'f-r- 
KEl. 

[Ell 81 ibmmmi:mmhitm^(r)^^M.^^-h 

Elo 

[Ell 91 m2mmmiztsnim^>$^'om:^Mm(o 
IE12 01 m^m9}*)m^mm^mmvitm^a)^^ 

J^=f-^~ hEI, 

(EI2 ll *^HJtDi^3llli£01J»C*3»t5=i:^ ho— >'U3. 
= h Wif fiSiEI. 
(EI2 21 *«W<7>m3|lt£0IJ<O:t:^v?>.>;^7^A0, 

[EI2 3 1 mmm-x^^^^'J'i^<r>vimi^^mnw.-nm. 

[El 2 4 1 us *l£0IJJC4oit 5 y^- h'y< y i> 

[E12 51 m-xmm<r>m€-m^^m^-t^m. 
[EI2 61 ^m^ny^A-m&m^yf^-tm. 

(EI2 7 1 Jtc^0J(O^4|iaS0IJIc:*DNt^.=i>' hn-/U3. 
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[EI2 8 1 1S(^i*#t:i^>-:^>-iCi<fi5t#fiZ@Sr;T%i-Elo 
IEI2 9 1 fi5[ffiM^^ge^-5/w^ttl«<7)«fifei:t!j^Sr^i- 

Ei„ 

IEI3 01 mm^'^^^'^'^^mm<r>m'0.tw^n^-t 

El, 

[El 3 1 1 v- y >^^rtS^jjKlbw«^Blo 

lEi 3 2 1 9 :yrf)\^^mmm^^^-t^mm.^m&<r>m 

^El, 

[EI3 3 1 ^:y-:f/\^'SMM^^^m-^TCV<T>m^ 
10 El. 

I??#wittWl 

1 2•••P^«^^<y^•:/'. 13. l 4 

1 5- •S^^^^yl'y, 1 g -EGRilgS, 20 - EGR*!! 

2 2 •f::^ h^', 2 4H8S^^, 2 5-aiVi;f> 
'^■^ K. 2 6. 2 7 3 1- -;^!7 

— 3 2 --:?>-://i'35^ijftib. 3 3-SiMtt 
iigg, 3 4-TCV. 57-^-X^7if^ 7 7-M.-X = 
-Y/K 7 8"H':t>'«Slt1tW^, 7 9--5IfE^<yuygEiij 
20 ^g, 9 8-- ii8S3^iHt«g««6. 9 9 -^^v'i^. 1 

0 o-*i^, 1 o 1 -ilte^^S^ia^ift, 1 0 2-^^ 
tfcgajt^ia:, 1 o 3-19rt^l»*t«¥l9:, l o 4-tSfrt 
'^mm^Wl.. 1 0 5-EGR^fJ»^S, 10 6-pI^ 
^-t/i-T/SiJ^^^S. 1 0 7 H^)|6|-«tM*Jffll#ift. 13 0 " 
mn^'^'^. 1 3 2 •••*»1Sf'K^^x 1 3 3 •••^«S)|6|-jg-&^ 

2 0 0- iSig^ii1t;F^li^l9;{t. 2 0 1- itig. 
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